To acquire the phage-displayed mimotopes which mimic the specificity of hepatitis B virus surface antigen (HBsAg), a random peptide library expressing linear peptide with 12 amino acids in length were used to screen with the serum from a hepatitis B virus infected patient in the recovery phase. After 3 rounds of biopanning, the positive phages were confirmed by competitive ELISA using HBsAg/P33. Two phagotopes were identified and one of them was confirmed as mimotope by competition experiment. Based on the mimotpe, a multiple antigenic peptide with four branches was synthesized by solid phase peptide synthesis. The antiginicity and specificity of the synthesized antigen was tested in BALB/c mice compared with the native epitope-based antigen. The results showed that the mimotope-based antigen could evoke higher titer of antibodies with the same specificity of the epitope-based antigen. Those findings indicate mimotopes can be used in antigen and vaccine design.
INTRODUCTION

Hepatitis B virus (HBV) infection is the most common viral infection in humans especially in
China and East Asia. At present, the most efficient method to control the disease is vaccination of newborns. Both blood derived vaccine and recombinant vaccine are hepatitis B surface antigen (HBsAg)-based and useful in the prevention of the disease [1] [2] [3] . HBsAg could evoke protective humoral immune response in vivo, but the immune memory only last for 5 years or so [3] , [4] . How to design a more efficient vaccine to improve the immunity is still a problem. The HBsAg contain three polypeptides termed S (small), M (middle), and L (large), which result from the variable use of three start codons within the open reading frame of the surface antigen gene. The M polypeptide comprises the Pre-S 2 sequence as its N-terminal region, followed by the S sequence. Epitopes in the Pre-S 2 domain have been identified using a panel of monocolonal antibodies and peptides [5] , [6] .
The hypothesis of our work is that an ideal protective immune response is based on a set of epitopes. Different combination of epitopes could induce different characteristics of immune response. To build an immunogen by using epitopes we established a new strategy, which is called epitope-based vaccine design (EBVD) [7] . In light of EBVD, we designed more than 200 vaccine candidates of hepatitis B. One of them was proved to be very powerful in termination of persistant infection of HBV, and another three were very efficient in evoking high titers of neutralizing antibodies [8] , [9] . Those vaccine candidates are designed using natural epitopes identified by epitope mapping and mimotopes identified by phage-display and combinational chemistry. In this paper we report a mimotope identified from a phage-displayed library through the serum of a patient with viral hepa-titis B.
MATERIALS AND METHODS
Reagents
Bacteria stain XL1-Blue [FproAB, lacI q z M15, Tn10(tet r )] and phagemid M13LP67 were provided by Dr.Devlin J J, Cetus Corp. The helper phage VSAM 13 and the murine monoclonoal antibody against M13 were purchased from Promega. Polyclonal sheep anti-human IgG biotinated antibodies and polyclonal sheep antimouce IgG peroxidase-conjugated antibodies were purchased from Biodin Corp (Beijing, China).
Construction of phage-displayed peptide library
Two complementary oligo nucleotides that encode all possible forms of linear peptides with the sequences 5'CTTTCTATTCTCT ( N N B ) 1 2 G G T G G A G G T T C 3 ( P 1 ) a n d 5 G G -CCGAACCTCCACC(VNN)12AGAGTGAGAATAGAAAGG-TAC-3 (P2) were synthesized, in which N is A, T, C or G; B is G, T or C; V is G, C or A. To anneal the complementary oligonucleotides, 7 μg of P1 and 8 μg of P2 were phosphorylated with T4 kinase and mixed in 100 μl of 1 M NaCl. The mixture was 
Screening of mimotopes from a phage-displayed peptide library
To select the phages that display the candidate HBsAg mimotopes, the following biopanning protocol was adopted. Both HBsAb negtive normal human serum for nonspecific elution and a HBsAb positive patient's serum for specific elution of the phage were used for biopanning. A patient of 28-yr-old (HLA-A2, B44, and Cw5.Cw7) with acute viral hepatitis B was in recovery phase and the HBV marker in the serum is only HBsAb positive. The helper phage VSAM13 (10 12 pfu) inactivated by ultraviolet irradiation was incubated overnight with 10 μl normal human serum and then 10 μl of a phage-displayed peptide liberary (0.9 10 8 pfu) was added and incubated for 8 h. An ELISA plate (96-well; Maxisorb, Nnuc) was coated with streptoavidin and incubated with polyclonal sheep anti-human IgG biotinated antibodies. The pre-treated helper phage and phage displayed library reacted with antibodies in normal human serum were captured. The supernatant containing phages not reacting with normal serum was harvested and captured by patient's serum. The patient's serum captured phages were competively eluted by biotin. The phages in all fractions were titered to determine the degree of selection during panning.
Phage ELISA for identification of positive phages An ELISA plate was coated with properly diluted patient's HBsAb positive serum or nomal HBsAb negtive serum by incubation at 4 o C overnight and then blocked with 5% BSA in PBS. Affinity selected phages were added to the wells and allowed to bind at 37 o C for 1 hr. After the unbouned phages were removed with PBST, the bound phages were detected by incubation with murine anti-M13 antibodies (Promega) followed by anti-murine antibodies cogugated with horseradish peroxidase. The bound horseradish peroxidase was determined by incubation with 3 mg/ ml of O-phenylenediamine dihydrochloride (Pierce Chemicals) in buffer (30 mM citrate, 70 mM Na 2 HPO 4 , and 0.02% H 2 O 2 , pH 5.5). After the reaction was stoped by the addition of 3N HCl, A492 nm was determined in an ELISA reader (model 550, Bio Rad). All the assays were carried out in triplicate. If A p -A n > 0.2, then it is considered as positive phages (A p represents A 492 for patient s serum, An represents A492 for the parallel normal serum).
To confirm the positive phage-displayed peptides are Pre-S2 region of HBsAg specific, a competitive ELISA employing recombinant HBsAg (HBsAg/P33, ayw subtype, kindly provided by Dr. Toillais P, Institut Pasteur) as the phage competitor was conducted.
DNA sequencing
The phages selected from the third round of biopanning were precipitated with polyethylene glycol after amplification and singlestrand DNA was prepared by phenol extraction. The nucleotide sequence of the phagotope of the selected phages was determined by the dideoxynucleotide chain termination method(10) using the primer with the sequence 5 -CCCTCATAGTTAGCGTAACG-3 .
Peptide synthesis
A linear peptide with the single code sequence TANGFYRLPSGS and its octamer multiple-antigen peptides with the lysine core (MAP1, Fig 1) were synthesized respectively using solid-phase peptide synthesis method on the 431A model of peptide synthesizer (Perkin-Elmer). Control octamer multiple-antigen peptides based on the epitope of 130-150 of HBsAg (MAP2, Fig 1) was synthesized by same protocol. The peptides were purified by high performance liquid chromatography (HPLC) and lyophilized. The purity of the peptides was 98.5% or more assessed by C18 reversephase high-pressure liquid chromatography.
Animals and immunization
Inbred female BALB/c (H-2 d ) mice were purchased from the Animal Center of the University, Chongqing, P. R. China.
Groups of 6-to 7-week-old BALB/c mice were immunized i.p. with 5 nM of MAP1 or MAP2 in Freund's complete adjuvant (CFA). The mice were boosted 3 weeks later with the same dose of peptides in Freund's incomplete adjuvant, and sera were collected weekly. Further groups of mice received a second boost (5 nM in Freund's incomplete adjuvant) 6 w after the first boost. 
Immunochemical assays
RESULTS
Construction of a phage-displayed peptide library
A phage-displayed peptide library composed of 2. 1 10 8 independent recombinants was constructed. Each phage displays a 12 amino acid-lengh of peptide as a fusion protein with the NH 2 terminus of gIII coat protein.
Selection of the phages that display mimotopes of HBsAg from a phage-displayed peptide library
A combination of nomal human sera for nonspecific elution and HBsAg for the specific elution of the phages bound to patient's serum was used to select the phages that display the potential mimotopes. The result of three rounds of biopanning by patient's serum is shown in 20 randomly chosen phage clones that were eluted with 5 μM of HBsAg during the third round of biopanning were amplified and purified for further study. Binding of affinity-selected phages to patient s serum
In a sandwich ELISA with patient's serum, two clones, A and B, were found to bind with patient s serum while B has higher absorbence. (Fig 2) phages were furtherly screened by HBsAg competition ELISA. HBsAg significantly inhibited the binding of Clone B to patient s serum while the binding of clone A was not significantly influenced by HBsAg (lower).
Clone A was not considered as mimotope bearing phage but clone B was. By using the method mentioned in Materials and methods, the nucleotide determined as ACTGCTAATGGTTTTTATAGGC-TGCCTTCTGGTTCG and the amino acid sequence is deduced as TANGFYRLPSGS. Analysis of homology of the phagotope to HBsAg was conducted using ANTHEPROT V2.9. The amino acid sequence of the peptide is similar to 135-146 of Pre-S 2 region of HBsAg which had been proved as a protective epitope and recognized by Mab25-19 [11] , [12] . 
Induction of specific anti-HBs antibody response
To assess the immunogenicity of the HBsAg mimotpe presented as MAP constructs, BALB/c mice were immunized with the constructs, and peak antipeptide antibody titers (log10 tier range) were observed 4 to 5 w after the boost. Sera obtained from mice immunized with either MAP1 or MAP2 construct at the peak of antibody response were tested for their abilities to cross-react with HBsAg/P33 and to compete with Mab 25-19. Although both MAP1 and MAP2 induced antibodies cross-react with HBsAg/P33, MAP1 generated higher titer (log10 titer, 3.18 4.18) (Fig 4) . Furthermore, MAP1 induced the higher titer of antibodies that specifically inhibited the binding of Mab25-19 to HBsAg (Fig 5) .
DISCUSSION
Phage displayed library was primarily used to murine monoclonal antibody-based biopanning of mimotopes. But in recent years, several mimotopes were identified through polyclonal antisera screening of phage displayed library [13, 14, 22] . It was reported that a mimotope related to S protein of HBsAg by using 2 different sera from immunized individuals and phage-displayed random peptide liberary [15] . In this paper we report a new mimotope which is related with Pre-S 2 region of M protein of HBsAg by using one patient s serum strategy.
We constructed a 12 amino acids phage peptide library with 2.1 10 8 independent recombinants. Although this represents a small portion of possible diversity (4 16 
2
12
=1.75 10 13 ), the diversity of our library was still large enough for screening. After three rounds of biopanning, one clone of phage was identified as mimotope bearing phage. Several lines of experimental evidence presented in this report suggest that the selected type A phages specifically bind to anti-Pre-S 2 antibodies through its NH 2 -terminal epitope peptide. A new mimotope of HBsAg was identified by polycolonal human sera. This indicates that using patient's sera can screen mimotopes. A major goal of the entire strategy was to increase the efficiency of selection of disease-specific clones and to identify them without using the antigen. In reference 15, the positive sera were from vaccine immunized individuals and more than one patient serum were used in the immunosceening step. Thus the mimotope identified by that strategy might be more closely related with antibodies for prevention but less related with antibodies for disease recovery. In this report, we used a patient serum in early recovery phase in the immunoscreening step. Therefore, the screened mimotope may be closely related with disease recovery. In the one patient serum strategy, the screening step using large panels of negative sera is more immportant, and the mimotope must be verified by Mabs with clearly epitope background.
The branched form of phage A mimotope peptide was synthesized according to the DNA sequence of the NH 2 -terminal region of the gIII gene of the phage. There are six amino acids in the mimotope same to that in the native sequence in Pre-S 2 region of HBsAg. In a former study, we found that R 137 and A 143 were critical for the binding to Mab25-19 by pepscan [12] . Whoever, this study indicates N and S could replace R 137 and A 143 respectively. This finding implied that the new combination of amino acids in the mimotope may consitute a new epitope with the same specificity. Another possibility is the mimotope identified in this report is just a cross reactive structure of the native epitope in the Pre-S 2 region of HBsAg.
It is definitely known that Mab25-19 aginst the native epitope in the Pre-S 2 region of HBsAg is a neutralizing and protective antibody [16] , [17] . It rises at the early stage of hepatitis B virus infection in humans and closely related with prognosis of the disease [18] . It has been recommended by many authors that this epitope should be brought to components of new generation of HB preventive vaccine [18] [19] [20] [21] . The results of competition tests employing Mab 25-19 indicated that the mimotope identified in this report was a protective epitope and could be considered in the HB vaccine design.
